Molecular oxygen has multiple roles in cells, which can have different dependencies on the amount of oxygen at particular sites. Therefore, in order to relate oxygen to the processes under consideration, one must know the amount of oxygen present at the site of interest. Methods to measure oxygen in vivo are limited in the extent to which they can report the pertinent levels of oxygen. The most facile measurements are made in the blood, but these have considerable limitations. Some of the measurements are invasive, discontinuous, and time consuming. Others provide data noninvasively but the data are indirect. But the real limitation of the measurements in the circulatory system is that they d o not report on the oxygen levels in the sites where most of the oxygen dependent interactions take place. Therefore, there has been an increase in interest in developing methods to measure oxygen in tissues. While several methods have been established, each has a different set of capabilities and limitations. The use of the various techniques generally is complementary rather than competitive. The key to their successful use requires an understanding of the capabilities of the techniques and the nature of the process that is being investigated. This presentation will try to provide a framework for obtaining such an understanding.
c3 Exertional oxygen uptake kinetics: a stamen of stamina?
B.J.Whipp
Centre for Exercise Science & Medicine, University of Glasgow G12 8QQ, U K The fundamental pulmonary 0 2 uptake (V02) response to moderate, constant-load exercise can be characterised as: dV02/dt.T+DV02(t)=DVO2(ss) where DVO2(ss) is the steadystate response, and T the time constant. As V 0 2 kinetics reflect intramuscular 0 2 uptake ( Q 0 2 ) kinetics within lo%, the role of phosphocreatine (PCr) turnover in 4 0 2 control can be explored using P31-MR spectroscopy, simultaneously with V 0 2 . Although T V 0 2 and T[PCr] vary widely among subjects (-20-65s), they are not significantly different from each other -either at the on-or offtransient. A caveat to interpreting the'well-fit' exponential is that numerous units of similar DVO2(ss) but with a wide T distribution can also yield a V 0 2 response with an apparent single T. This T is significantly inversely correlated with the lactate threshold and VO2max (but is poorly predictive -a frail stamen, therefore), consistent with T not characterising a compartment with uniform kinetics. At higher intensities, the fundamental V 0 2 kinetics become supplemented with a slowly-developing phase, setting V 0 2 on a trajectory towards VO2max. This slow-component is also demonstrable in [PCr] : the decreased efficiency therefore reflecting predominantly high phosphate-cost of force-production rather than high 02-cost of phosphate production. We also propose that the 02-deficit for the slow-component is more likely to reflect shifting DVOZ(ss), rather than a single one with a single T. In the intracellular microenvironment of active muscle tissue, high rates of respiration are maintained near limiting oxygen concentrations, corresponding to volume-averaged myoglobin oxygen saturation levels of c. 50 %. Importantly, ADP/O ratios of isolated mitochondria are maintained high even under severely hypoxic conditions, which excludes any uncoupling of oxidative phosphorylation by low intracellular oxygen pressure. This contrasts with ADP limitation at high oxygen levels, which increases the proportion of the proton leak and hence leads to decreasing ADP/O flux ratios (Gnaiger, Mtndez, Hand, 2000. PNAS 97, 11080) . At maximum ADP stimulation (state 3) of isolated heart mitochondria and permeabilized cardiac fibers studied at air saturation levels, the capacity of cytochrome c oxidase (COX) is 2-fold higher than the capacity of the respiratory chain. This apparent C O X excess capacity, however, is significantly reduced under physiological oxygen conditions and declines steeply under hypoxia. Similarly, C O X excess capacity declines with progressive cytochrome c depletion. The flux control coefficient of COX, therefore, increases as a function of substrate limitation by oxygen and cytochrome c, which suggests a direct functional role of the apparent C O X excess capacity. This provides a rationale for the analysis of C O X excess capacity in the context of training and adaptation to hypoxia and mitochondria1 injuries.
